Within minutes of Bdeiovibrio bacteriovorus attack on prey cells, such as Escherichia coli, the cytoplasmic membrane of the prey is altered. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of purified invaded prey cell (bdelloplast) membranes revealed the appearance of a noncytoplasmic membrane protein. This protein is not observed in preparations of noninvaded E. coli membranes and migrates in a manner similar to that of E. coli OmpF. Isoelectric focusing and two-dimensional gel electrophoresis of bdelloplast cytoplasmic membrane preparations also revealed the presence of a protein with electrophoretic properties similar to those of OmpF and the major Bdellovibrio outer membrane proteins. The protein appears in cytoplasmic membrane preparations within minutes of attack and persists throughout most of the intraperiplasmic developmental cycle. The appearance of this protein is consistent with our hypothesis that bdellovibrios translocate a pore protein into the bdelloplast cytoplasmic membrane to kill their prey and to gain access to the cytoplasmic contents for growth.
A critical feature of bdellovibrio intraperiplasmic growth is the event which renders the membrane-bound contents of the prey cytoplasm available to the bdellovibrios. The mechanism by which bdellovibrios gain access to prey cytoplasmic constituents has been linked to an alteration of the cytoplasmic membrane of the prey moments after attachment. Damage to the cytoplasmic membrane renders it permeable to small hydrophilic molecules and ions and disrupts the proton gradient, thereby inhibiting respiration and killing the prey cell (9, 16) . Electron microscopy has shown that the prey cytoplasmic membrane remains physically intact during bdellovibrio penetration and growth (1, 3) . The damage to the membrane, therefore, appears to compromise its functional integrity without extensively altering its physical construction.
A potential model for cytoplasmic membrane alteration is the bdellovibrio-mediated insertion of a pore protein into the cytoplasmic membrane of the prey cell. A channel-forming protein inserted nonspecifically into the phospholipid bilayer of the cytoplasmic membrane of the prey cell would permit passage of cytoplasmic components into the periplasm and disrupt the proton gradient without significantly impairing the physical integrity of the membrane. Parasite-mediated insertion of proteins into the cell membranes of their hosts has already been demonstrated for both bacterial and eukaryotic pathogens (2, 12, 18, 23 12 ,000 x g for 20 min at 4°C. Prey-derived bdelloplast membranes were collected by centrifugation at 180,000 x g at 4°C; cytoplasmic membranes were purified either on sucrose step gradients (19) or by treatment with Triton X-100 to solubilize cytoplasmic membrane proteins, while detergent-insoluble outer membranes were pelleted by centrifugation (7). (Fig. 1) Bdelloplasts derived from E. coli W7M5 had weakened walls because the prey cells (DAP auxotrophs) had been cultured in the absence of DAP for 90 min prior to bdellovibrio attack. When isolated bdelloplasts with weakened walls were broken at 6,000 lb/in2 with the French pressure cell, almost all of the resident, intraperiplasmic bdellovibrio cells remained intact, as determined by a microscopic count of bdellovibrios remaining following pressure treatment and by measurement of the release of radioactivity from labeled bdellovibrios during the procedure. Both of these methods confirmed that less than 5% of intraperiplasmic bdellovibrios were lysed or released labeled material at the pressure used to break the bdelloplasts. This finding is consistent with that of Galdiero (9) using similar methods.
PAGE and Western blot analysis. E. coli, Bdellovibrio, and bdelloplast cytoplasmic membranes and E. coli and Bdellovibrio outer membranes were analyzed by PAGE to determine whether a new protein appeared in the cytoplasmic membranes of invaded E. coli. SDS-PAGE of bdelloplast cytoplasmic membranes revealed the presence of a protein not found in uninvaded prey cytoplasmic membranes (Fig. 2, arrow) , as well as a number of other minor changes in the protein composition of the bdelloplast cytoplasmic membranes. This protein migrated in a manner similar to that of E. coli OmpF, with an apparent molecular weight of 36,000. Major Bdellovibrio outer membrane proteins also migrated in a similar manner in standard preparations. The occurrence of this apparent outer membrane protein in bdelloplast cytoplasmic membrane preparations was detectable within 5 to 10 min following penetration of the bdellovibrios into the periplasm of the prey (data not shown). It persisted in detectable amounts for at least 150 min, steadily decreasing in amount as the prey protoplast diminished in size.
Since the newly acquired bdelloplast cytoplasmic membrane protein had a mobility similar to that of E. coli OmpF, we tested its reactivity to a monoclonal antibody specific for OmpF to determine whether the protein was E. coli derived.
Western blots were inconclusive but indicated the presence of at least some OmpF protein or OmpF-cross-reactive protein in the bdelloplast cytoplasmic membrane. Faint bands were visible on blots of polyacrylamide gels of bdelloplast cytoplasmic membranes at a position consistent with that of the OmpF protein. More conclusive data could not be obtained, since the monoclonal antibody that was used (purchased commercially) reacted only weakly with OmpF on Western blots of E. coli outer membrane preparations.
To aid in the determination of whether this newly acquired bdelloplast cytoplasmic membrane protein was E. coli OmpF, It has long been known that the bdelloplast boundary layers are altered early during bdellovibrio attack, that the respiratory potential of the prey cell ceases, and that the prey cytoplasmic membrane becomes permeable to lactose very early following bdellovibrio attack (16, 17) . Additionally, Galdiero (9) demonstrated that there was almost complete cellular potassium loss from the prey cell protoplasts during the first 10 to 20 min following the bdellovibrio-prey interaction. Cover et al. (4) have also shown that the prey cytoplasmic membrane becomes freely permeable to small hydrophilic molecules within minutes of bdellovibrio attack.
The almost immediate death of the prey cell following attack could also be due to the introduction of a pore protein into the cytoplasmic membrane, eliminating respiratory potential and ATP production. The disruption of the osmotic potential of the prey cytoplasmic membrane could initiate degradative enzymes within the protoplasts of the prey (i.e., nucleases and proteases, etc. [13] ). The resulting breakdown products could then diffuse through the pores that have been created in the cytoplasmic membrane into the periplasmic space and be rapidly taken up by the resident bdellovibrio. This mechanism would result in semicontrolled release and uptake of the cytoplasmic contents of the prey during the intraperiplasmic growth phase of the bdellovibrio.
Given the fact that bdellovibrios are known to acquire OmpF upon invasion of E. coli (5, 6, 8, 10) , it is conceivable that the protein appearing in the bdelloplast cytoplasmic membrane is translocated OmpF. Since B. bacteriovorus has its own porin (15) , the significance of its acquisition of OmpF during prey cell invasion has been questioned. Acquiring the major porin during penetration for the purpose of translocating it into the cytoplasmic membrane would provide an explanation for this unusual activity.
Given the unusual metabolic capabilities of bdellovibrios while inside the prey periplasm and the obvious alteration of the prey cytoplasmic membrane, the insertion of a porin into the cytoplasmic membrane as a channel between the cytoplasm and the periplasm seems to be a model of significant possibility.
